Aim: To establish bone mineral density (BMD) reference database in healthy Chinese men of Han ethnicity, and to estimate the prevalence of osteoporosis in the population. Methods: The BMD in the lumbar spine 1-4 (L1-4) and proximal femur was measured using dual energy X-ray absorptiometry in a total of 1 385 healthy Chinese men of Han ethnicity aged 20-89 years old in Shanghai. Results: The highly significant negative correlation between age and BMD at any sites of proximal femur was found in the studied population, wheras no correlation between age and BMD at lumbar spine was observed. The peak BMD of the lumbar spine and any sites of hip in Chinese men was defined as the mean BMD for the subjects aged 20-39 years. According to World Health Organization (WHO) criteria, the BMD cut-off values for osteoporosis of the L1-4, total hip, femoral neck, trochanter and intertrochanter in Chinese men are 0.719, 0.638, 0.575, 0.437 and 0.725 g/cm 2 , respectively. Using the current Chinese reference data, the prevalence of osteoporosis at the L1-4, total hip, femoral neck, trochanter and intertrochanter is 5.4%, 3.8%, 6.3%, 1.8% and 2.8% in 1 084 men aged 50 years or older, respectively. However, using a database for US non-Hispanic white men (NHANES III), the prevalence of osteoporosis or osteopenia at any sites of the hip was significantly higher than that while using the current Chinese reference data. Conclusion: The BMD reference database was established in healthy Chinese men of Han ethnicity, and will facilitate more accurate diagnosis of osteoporosis in Chinese men.
Introduction
Osteoporosis is characterized by low bone mineral density (BMD) and structural deterioration of bone tissue, leading to bone fragility and increasing susceptibility to fractures. Dual energy X-ray absorptiometry (DXA) is the most commonly used method to measure BMD at the lumbar spine and proximal femur. BMD is the gold standard in the diagnosis of osteoporosis using DXA. The definition of osteoporosis has been set by a working group in the World Health Organization (WHO) based on a measurement in postmenopausal women. Osteoporosis is defined as BMD more than 2.5 standard deviation (SD) below the mean for young adult women (later clarified as T-score ≤ -2.5). Osteopenia is defined as BMD between 1.0 and 2.5 SD below the mean for young adult women (T-score > -2.5 and < -1.0) [1] . Although this guideline was established for women, up to now, the diagnosis standard for osteoporosis has been adapted to men.
Although osteoporotic fractures are less common in men than in women, these fractures in men are associated with higher morbidity and death [2] . Besides age, the best way of identifying men at high risk for fracture is to measure their BMDs. As a result, it is very important that osteoporosis or osteopenia is diagnosed as early as possible using BMD values. BMD values vary in different ethnic groups. It is known that the BMD values of Asians are lower than those of the Americans or Europeans [3, 4] . However, many DXA manufactures have used US Caucasian reference databases, resulting in inaccurate prevalence of osteo-porosis or osteopenia in non-Caucasian populations. The purpose of our study was to establish BMD reference database in healthy Chinese men of Han ethnicity, and to estimate the prevalence of osteoporosis in the population.
Materials and methods

Study subjects
A total of 1 385 healthy Chinese men (aged ranging from 20 to 89 years) living in Shanghai participated in the present study. Study subjects were recruited using public advertising from universities, and social and community centers. All participants were of Chinese Han ethnicity, identified by a combination of self-report and identification cards. Clinical data consists of medical history, medication and a survey of the incidence of diseases. All the participants were given a physical examination and all proved to be in good health. No participant had medical complications or was receiving treatment for conditions known to affect bone metabolism, including hyperthyroidism, diabetes mellitus, primary hyperparathyroidism, renal failure, pituitary and adrenal diseases, and rheumatic diseases. The study protocol was approved by the Committee of the Ethics of Human Research in the Affiliated Sixth People's Hospital of Shanghai Jiaotong University. The BMD for Chinese women was used to analyze our results according to the previously published data [5, 6] .
Bone mineral density measurements (BMD)
BMD (g/cm 2 ) of the anteroposterior lumber spine 1-4 (L1-4) and left proximal femur including total hip, femoral neck, trochanter and intertrochanter was measured by DXA on a Hologic QDR 2000 (Hologic, Bedford, MA, USA). The DXA scanner was on fan-beam mode with software version 7.20B. The machine was calibrated daily. The coefficient of variability (CV) values was obtained from five repeated measurements on 7 individuals. CV values of the DXA measurements at L1-4, total hip, femoral neck, trochanter and intertrochanter were 0.9%, 0.8%, 1.93%, 1.48% and 1.31%, respectively [5, 6] . The long-term reproducibility of our DXA instrument during the trial based on weekly repeated phantom measurements was 0.45% [5, 7] . Lumbar BMD was measured from L1 to L4 in the anteroposterior view with fractured vertebrae being excluded from the analysis.
Statistical analysis
Data were expressed as mean ± SD. Coefficient of BMD with age, height and weight was analyzed using Pearson correlation. The association of BMD with age, height and weight was analyzed using multiple linear regression. Age-related changes of BMD were evaluated using linear and polynomial regression. Osteoporosis was defined as BMD more than 2.5 SD below the mean for young adults according to the WHO criteria. The differences between proportions of osteoporosis or osteopenia in the Chinese reference database and in the database for US non-Hispanic white men (NHANES III) were analyzed using the χ 2 -test [8, 9] . All statistical analyses were performed using SPSS Statistical Package version 11.0 (SPSS Inc., Chicago, IL, USA). P < 0.05 was considered significant.
Results
The basic anthropometry of the 1 386 men is shown in Table 1 . Subjects were divided into 14 age groups for cross-sectional analysis. The mean BMD and SD at various sites in the lumbar spine and hip of each age group are presented in Table 2 . Pearson correlation coefficient of BMD at different sites with age, height and weight in men is shown in Table 3 . The results show that there is a significant negative correlation between age and BMD at any sites of hip in men. However, this correlation could not be established when BMD of lumbar spine was used for analysis. Furthermore, BMD values at L1-4 . 421 . were relatively stable from 20 to 89 years, as revealed by linear regression analysis of correlation between BMD and age, height and weight in men. In contrast, significant decreases were found in the hip BMD at the rate of 0.3% per year in total hip, 0.4% per year in femoral neck, 0.3% per year in trochanter, and 0.4% per year in intertrochanter in men between 20 and 49 years old. This rate of bone loss was similar to that of men between 50 and 89 years old. Moreover, height or weight showed highly significant positive correlation with BMD at L1-4 and any sites of proximal femur (P < 0.05 or P < 0.01) (data not shown).
We used all relevant mathematical models (including linear, logarithmic, quadratic, cubic, compound, power, growth and exponent) in SPSS 11.0 to fit BMD association with age. The cubic regression model had the best goodness of fit, and R 2 were consistently maximized in all skeletal regions. The changes of BMD with age in Chinese men are demonstrated in curves derived from the cubic regression ( Figure 1) . A highly significant negative correlation between age and BMD at any sites of hip was found in Chinese men (R 2 = 0.081-0.130, P < 0.001), but not at lumbar spine. We found that the mean BMD values of any site in all age groups in Chinese men were significantly lower than that of the same age groups in US non-Hispanic white men (NHANES III reference database) (Tables 4, 5) [8, 9] . Although the peak BMD at any sites occurred in age 20-24 years, we used a broader age range for defining the mean peak BMD. The fitted curve of cubic regression showed that BMD decreased after age 40 in Chinese men. The peak BMD of the lumbar spine and any sites of hip in Chinese men was defined as the mean BMD for the subjects aged 20-39 years. Therefore, according to WHO criteria, the cut-off values for osteoporosis of the L1-4, total hip, femoral neck, trochanter and intertrochanter in Chinese men were 0.719, 0.638, 0.575, 0.437 and 0.725 g/cm 2 , respectively. The corresponding values for US non-Hispanic white men (NHANES III) are shown in Table 6 .
Using the mean peak BMD of the 20-39-year-old group, T-scores were calculated and the percentages of subjects with osteoporosis (T-score ¡Ü -2.5) and osteopenia (T-score < -1 to -2.5) are presented in Tables 7  and 8 , respectively. In reference to the current data for the Chinese population, the prevalences of osteoporosis at the L1-4, total hip, femoral neck, trochanter and intertrochanter were 5.4%, 3.8%, 6.3%, 1.8% and 2.8% in men aged 50 years or older, respectively. The prevalences of osteopenia at the L1-4, total hip, femoral neck, trochanter and intertrochanter were 25.2%, 34.7%, 47.9%, 34.9% and 33.5% in men aged 50 years or older, respectively. However, using the database for US non-Hispanic white men (NHANES III) as a reference, the prevalence of osteoporosis or osteopenia at the any sites of hip was all significantly higher than that of using the current Chinese reference data (Tables 7, 8 ).
Discussion
The present study is the first large-scale report on reference values on the BMD of the lumbar spine and femur in healthy Chinese men of various age groups (20- http://www.asiaandro.com; aja@sibs.ac.cn Table 6 . Chinese male reference bone mineral density BMD database (20-39 years old) compared to the reference database for US nonHispanic white men (20-29 years old).
Chinese men reference BMD (g/cm 2 )
Mean BMD (peak) SD 2.5 SD BMD at -2.5 SD BMD at -1 to -2.5 SD
US reference database (NHANES III)
Mean BMD (peak) SD 2.5 SD BMD at -2. . 425 . The mean values for the BMD of lumbar spine or proximal femur (including total hip, femoral neck, trochanter and intertrochanter) in Chinese men are lower than those reported previously for US nonHispanic white men (NHANES III database) [8, 9] . Looker et al. [8, 9] used DXA (Hologic 1000) measurements of femoral BMD from the third National Health and Nutrition Examination Survey (NHANES III, 1988 to estimate the overall scope of the disease in the older US population. In their study, BMD in 14 646 men and women at age of 20 years and older (including 6 181 non-Hispanic whites, 4 021 non-Hispanic blacks and 3 858 Mexican Americas) was measured at five sites of proximal femur [8, 9] . According to the present study, the peak values of BMD in Chinese men of Han ethnicity appeared in the age range of 20-24 years at both the lumbar spine and any sites of hip. The findings at any site of hip were similar to those reported for US non-Hispanic white men [8, 9] , but were different to those previous reported for Chinese women [5, 10] . We previously reported that peak BMD at the lumbar spine and femoral neck occurred in the age range of 30-34 years and 20-24 years in Shanghai Chinese women, respectively [5] . In another Chinese population study of a different geographic area, Wu and colleagues [10] reported that the peak BMD occurred in the age range of 35-39 years at both the lumbar spine and femoral neck.
Age-related bone loss demonstrated different patterns in various skeletal sites of the Chinese men. BMD was significantly decreased with age at any site of proximal femur, whereas no such change was observed at the lumbar spine in either the 20-49-year-old or the 50-89-year-old groups. BMD at the sites of proximal femur decreased 0.3-0.7% per year. Our results are in accordance with previously published cross-sectional and longitudinal studies in Caucasian men [11] [12] [13] . Szulc et al. [12] studied 934 healthy French men aged 19-85 years. There was a insignificant association between BMD of spine and age after 55 years in their study (n = 637, r = 0.06, P = 0.06), but a substantial decrease in BMD with age at the proximal femur was observed. Of 915 healthy Saudi men, little loss in lumbar spine in young men (age 20-49 years), and a slight loss (0.3% per year) in older men (age 50-79 years) are reported [13] . Our findings show no significant decrease in spine BMD with age but there was an enormous increase in the age-specific standard deviation. Similarly, in the study by Szulc et al. [12] , there was a significant increase in the variability of spine BMD with age calculated as SD in two groups after age 55 years. These data suggest that degenerative artifacts within the spine confounded agerelated changes and were probably responsible for this large increase in variance. In the elderly men, bone loss in the lumbar spine was masked by osteoarthritis. In fact, the coexistence of bone loss and osteoarthritis has been shown to increase BMD variability [14] .
Similar to the findings in previous studies in women, weight and height were positively associated with BMD in Chinese men [3, 9] . Ensrud et al. [15] measured body weight and hip BMD in a cohort of 1 342 older men enrolled in the Osteoporotic Fractures in Men (MrOS) study, and followed them prospectively for an average of 1.8 years for changes in weight and BMD. The results showed that the adjusted average rate of change in total hip BMD was 0.1% per year in men with weight gain, -0.3% per year in men with stable weight and -1.4% per year in men with weight loss. In fact, low body weight was a significant risk factor for hip fracture in women and men [16] .
The role of the T-score for osteoporosis diagnosis was solidified in reference to the WHO Study Group report. However, several researchers pointed out the shortcomings of using T-scores for individual diagnosis [17] . Large variations in the prevalence of osteoporosis were reported using the -2.5 definition at different skeletal sites [18] . Because of the dependence of the Tscore on both the mean and SD of the reference population, it was recognized that the use of disparate reference populations on different densitometry systems would lead to T-score differences, even when the measured BMD was the same. Moreover, T-scores at various skeletal sites were different. The SD stands for the deviation of BMD from the mean BMD of a young healthy reference population, therefore the SD value affects the cut-off value of osteoporosis. The SD values were relatively small in our peak BMD group of age 20-39 years using Hologic DXA, and were lower than those of US nonHispanic white men aged 20-29 years from the NHANES III database. Using our reference data, the cut-off values of osteoporosis were below that of US non-Hispanic white men. As a result, the prevalence of osteoporosis was significantly different in Chinese men 50 years or older using local younger-men reference values and US non-Hispanic white younger-men reference values. For L1-4, total hip, femoral neck, trochanter and intertrochanter, using a database of local men, the prevalences of osteoporosis were 5.4%, 3.8%, 6.3%, 1.8% and 2.8%, respectively. However, using the database of US men, the corresponding values were 6.7%, 8.6%, 5.8% and 5.7%, respectively. Of course, the prevalence of osteopenia in any site of measurement was also significantly higher when the database of US men was used as a reference in comparison with that of using reference values for local men. However, the findings of the current study were consistent with a Hong Kong study of Chinese men [19] . In that study, 1859 men aged 9-94 years old were recruited to measure BMD of lumbar spine and total hip using Hologic QDR 2000 and 4500. They reported that the prevalence of osteoporosis in lumbar spine and total hip in the groups of aged 40-59 years, 60-69 years, 70-79 years and over 80 years was 2% and 0%, 4% and 2%, 9% and 7%, and 8% and 12%, respectively. Consistent with our findings, in Hong Kong Chinese men, prevalence of in both lumbar spine and entire hip was significantly higher using a database of US Caucasian men as the reference [19] . In fact, Chinese have lower hip and vertebral fracture incidence than US Caucasians [20] . Accordingly, it will be more accurate to estimate prevalence of osteoporosis using a database of local men. In addition, because the lumbar spine BMD was slightly decreased in Chinese men over 50 years, we recommend that total hip and femoral neck BMD measurements should be used to diagnose osteoporosis in Chinese men. However, because the association between fracture incidence and BMD at lumbar spine and any site of hip in Chinese men has not been fully unfolded, the cut-off values in diagnosing osteoporosis need to be further confirmed in Chinese men.
